It is firmly established that the hippocampus, a brain region implicated in spatial learning, episodic memory, and consolidation, contains a high concentration of CB 1 receptors. Moreover, systemic and intrahippocampal administration of cannabinoid agonists have been shown to impair hippocampal-dependent memory tasks. However, the degree to which CB 1 receptors in the hippocampus play a specific functional role in the memory disruptive effects of marijuana or its primary psychoactive constituent D 9 -tetrahydrocannabinol (D 9 -THC) is unknown. This study was designed to determine whether hippocampal CB 1 receptors play a functional role in the memory disruptive effects of systemically administered cannabinoids, using the radial arm maze, a well characterized rodent model of working memory. Male Sprague-Dawley rats were implanted with bilateral cannulae aimed at the CA1 region of the dorsal hippocampus. The CB 1 receptor antagonist, rimonabant, was delivered into the hippocampus before to a systemic injection of either D 9 -THC or the potent cannabinoid analog, CP-55,940. Strikingly, intrahippocampal administration of rimonabant completely attenuated the memory disruptive effects of both cannabinoids in the radial arm maze task, but did not affect other pharmacological properties of cannabinoids, as assessed in the tetrad assay (that is, hypomotility, analgesia, catalepsy, and hypothermia). Infusions of rimonabant just dorsal or ventral to the hippocampus did not prevent D 9 -THC-induced memory impairment, indicating that its effects on mnemonic function were regionally selective. These findings provide compelling evidence in support of the view that hippocampal CB 1 receptors play a necessary role in the memory disruptive effects of marijuana.
INTRODUCTION
It has long been known that cannabis, the most widely used illicit substance (Johnston et al, 2007) , as well as naturally occurring and synthetic cannabinoids, impair learning and memory in humans and laboratory animals (Ranganathan and D'Souza, 2006; Riedel and Davies, 2005) . Electrophysiological evidence suggests that the hippocampus plays a predominant role in the memory disruptive effects of marijuana. D 9 -tetrahydrocannabinoid (D 9 -THC), the primary psychoactive constituent of marijuana, and other cannabinoids activate cannabinoid-1 (CB 1 ) receptors, which are widely distributed throughout the CNS, and are particularly abundant in the hippocampus (Matsuda et al, 1993) . These compounds disrupt synaptic long-term plasticity in the hippocampus by reducing presynaptic neurotransmitter release (Misner and Sullivan, 1999) . Moreover, in vivo administration of D 9 -THC has been found to disrupt synaptic plasticity for up to 3 days (Mato et al, 2004) .
In laboratory rodents, the administration of D 9 -THC disrupts hippocampal-dependent learned behavior in operant and spatial maze models of memory (Brodkin and Moerschbaecher, 1997; Ferrari et al, 1999; Heyser et al, 1993; Lichtman et al, 1995; Mallet and Beninger, 1998; Nakamura et al, 1991; Varvel et al, 2001) . Behavioral studies have provided compelling support for the involvement of the hippocampus in cannabinoid-induced memory impairment. Hampson and Deadwyler (2000) reported that systemic administration of D 9 -THC or the synthetic cannabinoid receptor agonist, WIN 55,212-2, elicited deficits in a delayed non-match-to-sample operant task that were related to depressed hippocampal cell firing (Hampson and Deadwyler, 2000) . Several other groups have demonstrated that intrahippocampal administration of D 9 -THC, WIN55,212-2, or CP-55,940, a potent, bicyclic cannabinoid analog impaired spatial memory in rat radial arm maze, delayed alternation t-maze, or water-maze tasks (Egashira et al, 2002; Lichtman et al, 1995; Yim et al, 2008) .
Although direct administration of cannabinoids into the hippocampus reliably impairs spatial memory (Egashira et al, 2002; Lichtman et al, 1995; Mishima et al, 2001; Wegener et al, 2008) , it is unclear whether hippocampal CB 1 receptors play a critical role in the memory disruptive effects of systemically administered cannabinoids. Thus, the primary objective of this study was to determine whether intrahippocampal administration of the selective CB 1 receptor antagonist, rimonabant, would prevent the memory disruptive effects of systemically administered D 9 -THC or CP-55,940 in the radial arm maze, a well established hippocampus-dependent spatial memory task (Olton, 1987) that is sensitive to the memory disruptive effects of cannabinoids (Lichtman et al, 1995; Lichtman and Martin, 1996; Nakamura et al, 1991) . In an initial experiment, we established the dose of rimonabant that would block the memory disruptive effects of CP-55,940, when both drugs were infused bilaterally into the hippocampus. Subsequent studies evaluated whether intrahippocampal administration of the active rimonabant dose would block the memory disruptive effects of systemically administered cannabinoids. To control for the possibility that rimonabant elicited its effects because of diffusion to distal areas, we also evaluated whether rimonabant infused outside the borders of the hippocampus would block memory deficits caused by systemic cannabinoid administration.
In addition to interfering with mnemonic processes, systemically administered cannabinoid receptor agonists produce a wide range of sensorimotor, physiological, and subjective effects (Jarbe and McMillan, 1980; Little et al, 1988) . Accordingly, the second goal of the present study was to determine whether intrahippocampal administration of rimonabant would block non-mnemonic pharmacological effects of cannabinoids using the tetrad assay (Smith et al, 1994) , which assesses rodents for locomotor activity, antinociception, catalepsy, and hypothermia.
MATERIALS AND METHODS

Subjects
All experiments were performed on Sprague-Dawley (Harlan, IN) male rats that were individually housed in a temperature-controlled (20-221C) environment with a 12-h light-dark cycle. Subjects were maintained on a foodrestricted diet to sustain body weights of approximately 85% of free-feeding weight. Water was available ad libitum. All animal protocols were approved by the Virginia Commonwealth University Institutional Animal Care and Use Committee and were in concordance with the Guide for Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, 1996) .
Drugs
Rimonabant (National Institute on Drug Abuse, Rockville, MD), D 9 -THC (National Institute on Drug Abuse, Rockville, MD), and CP-55 940 (Pfizer, Groton, CT) were dissolved in a 1:1 mixture of absolute ethanol and alkamuls-620 (Rhone-Poulenc, Princeton, NJ), and diluted with saline in a final ratio of 1:1:18 (ethanol/alkamuls/saline). The vehicle consisted of the 1:1:18 (ethanol/alkamuls/saline) solution. All systemic injections were given through the i.p. route of administration in a volume of 1 ml/kg. All intracerebral injections were given bilaterally in an injection volume of 0.5 ml per side.
Cannulae Implantation
After initial training in the radial arm maze rats were implanted with bilateral cannulae directed to the CA1 region of the rostral hippocampus. The CA1 region was selected based on previous findings demonstrating that intracerebral injections of cannabinoid agonists directed at this area disrupt memory performance in the radial arm maze (Egashira et al, 2002; Lichtman et al, 1995) . Surgery was conducted under isoflurane anesthesia using a standard stereotaxic apparatus. The rat's fur on the head was shaved and cleaned with alcohol and Betadine, and ophthalmic gel was applied to each rat's eyes. An incision was made at the midline of the head with a scalpel blade to expose the skull. The coordinates for the intracerebral infusion sites from bregma (mm) were: 1) dorsal hippocampus: A/P: À3.3, L: ±1.5, D/V: À3.0; 2) dorsal to the original target site: A/P: À3.3, L: ± 1.5, D/V: À2.0; and 3) ventral to the original target site: A/P: À3.3, L: ± 1.5, D/V: À4.0 (Paxinos and Watson, 2007) . Subjects were given a 2-week recovery period after cannulae implantation before commencing the experiments. Each intracerebral infusion was administered in a volume of 0.5 ml over a 1 min period and the injector needle was left in each respective cannula for an additional 1 min. At the conclusion of each experiment, all rats were euthanized with pentobarbital overdose. The brains were removed from the skull, post-fixed in À301C isopentane (2methylbutane), and frozen at À801C. Coronal sections (40mm) were then cut using a freezing microtome and Nissl stained with thionin. A dissecting microscope (Swift Instruments International, Tokyo, Japan) was used to visualize the location of the intracerebral injection sites, which were then verified according to a rat brain atlas (Paxinos and Watson, 2007) .
Radial Arm Maze
The apparatus and training procedure were identical to that described earlier (Lichtman et al, 1995) . Each of the eight arms was baited with a 45-mg Noyes pellet placed 5 cm from the end and guillotine doors were used to increase the likelihood that the rats would use a spatial search strategy. At the start of each session, the subject was placed in the center platform with all doors down. After 5 s, all of the doors were raised and the subject was allowed to enter a maze arm. The subject was considered to have entered an arm once all four of its paws crossed the threshold into a maze arm. The other seven guillotine doors were then gently lowered. After the subject returned to the center platform the remaining door was lowered and a 5-s ITI was imposed. All eight doors were then raised for the next trial. The session ended when all eight arms had been visited or 10 min had elapsed, whichever came first. An observer scored the number of correct responses, as well as re-entry errors and errors of omission committed by each rat. In addition, the duration of time required to obtain all the available food pellets was recorded for each session.
Rats were trained in the eight arm radial maze tasks until they visited each arm and committed no more than one re-entry error on three consecutive sessions. Once these criteria were achieved, the subjects underwent stereotaxic surgery, as described above. Two weeks after cannulae implantation, the rats were re-trained to these same criteria (that is, 0 or 1 re-entry errors on 3 consecutive days) before drug testing in the radial arm maze. The initial training period required between 15 and 20 sessions and the postsurgical training required an additional 8 to 10 days. In each experiment, rimonabant or vehicle was administered 10 min before CP-55 940, D 9 -THC, or vehicle. Rats were then tested in the radial arm maze 20 min later. These time points were based on previous experiments from our laboratory (Lichtman and Martin, 1996) . All drug conditions were tested in a counterbalanced order, with 5-7 days between tests. In addition, the rats received a minimum of 2 days of radial arm maze training between test days.
Tetrad Behavioral Assessment
Dependent measures of interest that are typically sensitive to the systemic effects of cannabinoids include locomotor activity, antinociception, catalepsy, and hypothermia (Little et al, 1988) . To assess locomotor behavior, rats were placed in clean plastic cages (28 Â 16 cm) inside sound-attenuating chambers and distance traveled was recorded for 5 min and analyzed by the ANY-maze (Stoelting, Wood Dale, IL) video tracking system. Antinociception was assessed in the tail-flick test as described earlier (D'Amour and Smith, 1941) . To minimize tissue damage, a maximum cutoff latency of 10 s was used. Catalepsy was determined using the bar test (Pertwee and Wickens, 1991) , in which the front paws of each subject were placed on a rod (0.75 cm diameter) that was elevated 4.5 cm from the bench top. The duration of time that the rat remained motionless (with the exception of respiratory movements) with their front paws on the bar for 10 s was scored. Rectal temperature was determined using a telethermometer (Physitemp Instruments Inc., Clifton, New Jersey) by inserting a thermocouple probe 4.5 cm into the rectum. The rats were assessed for locomotor activity, nociception, catalepsy, and temperature at 20, 25, 40, and 60 min, respectively, after the i.p. injection as described earlier (Lichtman et al, 1995; Little et al, 1988) . Pre-injection measures for rectal temperature and tail flick were obtained. The subjects were randomly assigned to one of the following three treatment conditions:
(1) intrahippocampal vehicle and i.p. vehicle; (2) intrahippocampal vehicle and i.p. CP-55 940 (0.15 mg/kg); and (3) intrahippocampal rimonabant (0.6 mg total) and i.p. CP-55 940 (0.15 mg/kg).
Statistical Analysis
A two-way analysis of variance (ANOVA) was used to analyze errors (that is, entries into non-baited arms) and completion time (s/arm) in the radial arm maze task. The first factor was the cannabinoid receptor antagonist rimonabant and the second factor was the cannabinoid receptor agonist (D 9 -THC or CP-55 950). The tail-flick data were expressed as percent maximal possible effect (%MPE), where %MPE ¼ [(test-control)/(10-control)] Â 100. The rectal temperature data were expressed as post-injection temperature-pre-injection temperature. One-way ANOVAs were used to analyze dependent measures in the tetrad assay. The Tukey-Kramer post hoc test was used to analyze differences between treatment conditions. Differences were considered significant at the po0.05 level.
RESULTS
In a preliminary experiment, we sought to determine an effective intrahippocampal dose of rimonabant that antagonizes the memory disruptive effects of the potent cannabinoid analog CP-55 940 (10 mg/rat) given in the same injection site. CP-55 950 produced a significant increase in the number of re-entry errors (Figure 1a ), but did not affect the rate of entry into each arm (Figure 1b) . A dose of 0.06 mg rimonabant completely blocked the memory disruptive effects of CP-55 940, as indicated by a significant interaction between rimonabant and CP-55 940 treatment, F (1,32) ¼ 13.59, po0.01. Post hoc comparisons showed that microinjections of vehicle + CP-55 940 into the hippocampus elicited significantly more errors than each of the other three treatment conditions. Virtually no re-entry errors were committed by rats in the other three treatment conditions. Neither drug given alone nor in combination affected the rate of arm entry, as indicated by no significant interaction between the two drugs (p ¼ 0.51), as well as no significant main effect for either rimonabant treatment (p ¼ 0.79) or CP-55 940 treatment (p ¼ 0.25). The data include rats whose cannulae were correctly aimed at the hippocampus (see Figure 1c for cannulae placements). Thus, 0.06 mg was selected as the dose of rimonabant for intracerebral injections in subsequent experiments.
We next evaluated whether intrahippocampal administration of rimonabant (0.06 mg) would prevent radial arm maze performance deficits caused by either CP-55,940 (0.05 mg/kg) or D 9 -THC (5.6 mg/kg). Both cannabinoid receptor agonists significantly impaired radial arm maze choice accuracy in rats given intrahippocampal infusions of vehicle (see Figure 2a and c), as reported earlier (Lichtman et al, 1995) . Intrahippocampal rimonabant administration completely blocked the memory deficits elicited by systemically administered CP-55,940. A two-way ANOVA revealed a significant interaction between rimonabant and CP-55,940, F (1,54) ¼ 15.24, po0.001. Treatment with vehicle + CP-55,940 resulted in significantly more errors than each of the other three drug combinations, indicating that rimonabant blocked the memory disruptive effects of this cannabinoid receptor agonist. In contrast, there were no main effects of rimonabant treatment (p ¼ 0.79) and CP-55,940 (p ¼ 0.25), as well as no interaction between rimonabant and CP-55,940 (p ¼ 0.51) for the maze completion data (Figure 2b) .
Likewise, D 9 -THC elicited a significant increase in reentry errors that was blocked by rimonabant, as indicated by a significant interaction between these two drugs, F (1,30) ¼ 15.81, po0.01 (Figure 2c ). However, systemic administration of D 9 -THC (5.6 mg/kg) produced an increase in maze completion time that was not blocked by intracerebral administration of rimonabant (Figure 2d) . A two-way ANOVA revealed no interaction (p ¼ 0.23) or main effect of rimonabant (p ¼ 0.43), but there was a significant main effect of D 9 -THC treatment, F (1,16) ¼ 16.60, po0.001.
The cannulae placement sites are depicted in Figure 2e and a photomicrograph of the cannulae tracks from a representative rat is shown in Figure 2f .
Owing to the possibility that intracerebral rimonabant may prevent the disruptive effects of cannabinoids because of diffusion to sites distal to the injection site, we next evaluated whether its infusion just dorsal ( Figure 3 ) or ventral (Figure 4) to the borders of the hippocampus would also block D 9 -THC-induced memory impairment. As shown in Figure 3a , i.p. administration of D 9 -THC led to a significant increase in the number of re-entry errors (main effect of D 9 -THC treatment, F (1,14) ¼ 53.98, po0.0001). However, microinjection of rimonabant dorsal to the hippocampus failed to block these memory disruptive effects, as indicated by no significant interaction between rimonabant and D 9 -THC (p ¼ 0.24) and no significant main effect of rimonabant (p ¼ 0.24). Systemically administered D 9 -THC decreased the entry rate into each arm (main effect of D 9 -THC: F (1,14) ¼ 7.39, po0.05; Figure 3b ). Rimonabant infused into the region dorsal to the hippocampus did not block this effect, as indicated by a lack of interaction between the two drugs (p ¼ 0.17) and no main effect of rimonabant (p ¼ 0.15). All cannulae were placed dorsal to the hippocampus in the prefrontal cortex or corpus callosum (Figure 3c) .
A similar pattern of results was found when rimonabant was infused ventral to the hippocampus. Systemic administration of D 9 -THC impaired choice accuracy (main effect of D 9 -THC, F (1,11) ¼ 162.88, po0.0001; Figure 4a ) and slowed the running speed (main effect of D 9 -THC, F (1,11) ¼ 6.27, po0.05; Figure 4b ). Microinfusion of rimonabant below the hippocampus did not modify the disruptive effects of D 9 -THC on either choice accuracy (main effect of rimonabant; p ¼ 0.09; interaction between rimonabant and D 9 -THC: p ¼ 0.45) or radial arm entry rate (main effect of rimonabant; p ¼ 0.06; interaction between rimonabant and D 9 -THC: p ¼ 0.08). Cannulae placements are shown in Figure 4c .
In the final experiment, we assessed whether intrahippocampal rimonabant administration would attenuate nonmnemonic effects produced by cannabinoids, as assessed in the tetrad assay. As reported earlier (Compton et al, 1992) , CP-55 940 (0.15 mg/kg, i.p.) produced locomotor suppressive (F (2,16) ¼ 121, po0.001; Figure 5a ), analgesic (F (2,16) ¼ 6.1, po0.05; Figure 5b ), cataleptic (Figure 5c ), and hypothermic (F (2,16) ¼ 42, po0.001; Figure 5d ) effects. Intrahippocampal rimonabant (0.06 mg) administration failed to attenuate any of these effects, as indicated by post hoc analyses.
DISCUSSION
The results from this study are unique in that they are the first to demonstrate that microinjection of a CB 1 receptor antagonist into the hippocampus blocked spatial memory deficits caused by systemic administration of D 9 -THC, the primary active constituent of marijuana, as well as CP55-940, a potent cannabinoid analog. Moreover, the effects of intrahippocampal infusion of rimonabant on radial arm choice accuracy were behaviorally selective. Intrahippocampal rimonabant administration did not attenuate non-mnemonic effects of cannabinoids, including behaviors assessed in the tetrad test and decreased radial arm running speeds in the radial arm maze. Finally, the effects of rimonabant were regionally selective, as its administration to sites just dorsal or ventral to the borders of the hippocampus did not antagonize the memory disruptive effects of systemically administered cannabinoids. These findings support the contention that hippocampal CB 1 receptors are necessary for the memory disruptive effects of marijuana.
Given the importance of the hippocampus in spatial memory (Ferbinteanu and McDonald, 2001; Ferbinteanu et al, 2003) and its high density of CB 1 receptors (Herkenham et al, 1991; Matsuda et al, 1993) , it is not surprising that this brain region plays an integral role in the disruptive effects of marijuana on memory. Consistent with this hypothesis, systemic administration of D 9 -THC or WIN55,212-2 reliably impairs performance in delayedmatch-to-sample and delayed-non-match-to-sample tasks, accompanied with decreases in hippocampal cell firing during the sample phases of the task Deadwyler, 1999, 2000; Heyser et al, 1993) . In addition, WIN 55212-2 reduced encoding in the hippocampus that was required to perform long-delay trials in a delayed-nonmatch-to-sample task (Deadwyler et al, 2007) . Other supporting evidence comes from studies examining the effects of intracerebral administration of cannabinoids on learning and memory. In particular, intrahippocampal infusions of CP-55 940, D 9 -THC, or WIN 55,212-2 were found to disrupt performance in radial arm maze, t-maze delayed alternation, passive avoidance, and place recognition memory tasks (Egashira et al, 2002; Lichtman et al, 1995; Mishima et al, 2001; Wegener et al, 2008) . Moreover, studies have demonstrated that infusions of D 9 -THC into the hippocampus, as compared to other brain regions, impair memory performance in the radial arm maze task (Egashira et al, 2002) . Similarly, administration of WIN 55,212-2 into the dorsal hippocampus, but not into the ventral hippocampus, nucleus accumbens, ventral tegmental area, or medial prefrontal cortex, selectively impaired retrieval memory in the radial arm maze without effecting prepulse inhibition or locomotor activity (Wegener et al, 2008) . In addition, post-training intrahippocampal administration of WIN 55 212-2 disrupted longterm spatial memory, but not acquisition or short-term memory, in a rat reference memory task in the water maze (Yim et al, 2008) . Systemic administration of the CB 1 receptor, AM281, blocked the memory disruptive effects of intrahippocampally administered WIN 55 212-2 in the t-maze delayed alternation and place recognition tasks . These findings, taken together, suggest that the hippocampus is an important target for systemically administered cannabinoids.
The results of this study indicate that CB 1 receptors in the hippocampus play a necessary role in D 9 -THC-induced memory impairment; however, it is unclear which specific hippocampal neurons mediated these memory impairing effects. CB 1 receptors are predominantly localized on the terminals of a subset of GABAergic basket cell interneurons (Marsicano and Lutz, 1999) ; however, they have also been demonstrated to inhibit glutamatergic transmission in cultured hippocampal cells (Shen et al, 1996) . Overall, the evidence favors a predominant role for GABAergic pathways in the memory disruptive effects of cannabinoids. Specifically, activation of hippocampal CB 1 receptors decreases GABA release (Hajos et al, 2000; Hoffman et al, 2003; Katona et al, 1999) . CB 1 receptors located on GABAergic axon terminals are activated by lower concentrations of cannabinoid receptor agonists than CB 1 receptors located on glutamatergic terminals (Hoffman et al, 2007; Ohno-Shosaku et al, 2002) and CB 1 receptor expression is significantly lower on glutamatergic terminals than GABA axon terminals in the hippocampus (Katona et al, 2006; Kawamura et al, 2006) . Moreover, chronic exposure to D 9 -THC in vitro results in tolerance to the inhibitory effects of the cannabinoid agonist WIN, 212-2 but does not affect glutamate release in the hippocampus (Hoffman et al, 2007) . Of importance, both D 9 -THC and CP-55 940 decreased the power of y, g, and ripple oscillations in the hippocampus of rats that correlated with memory impairment in the delayed alternation memory paradigm, a hippocampus-dependent task (Robbe et al, 2006) . Finally, the GABA A antagonist, bicucculine, blocked D 9 -THC-induced memory deficits in a mouse Morris water-maze task (Varvel et al, 2004b) . Taken together, these findings are consistent with the notion that CB 1 receptors located on inhibitory axon terminals may be the primary target of D 9 -THC in the hippocampus.
Lupica
The observations that global CB 1 receptor knockout mice (Ledent et al, 1999; Varvel and Lichtman, 2002; Zimmer et al, 1999) or animals treated with CB 1 receptor antagonists (Compton et al, 1996; Hampson and Deadwyler, 1999; Lichtman and Martin, 1996; Mallet and Beninger, 1998; Rinaldi-Carmona et al, 1994) are resistant to the effects of D 9 -THC in the tetrad assay or on spatial memory indicates that this receptor is predominantly responsible for the CNS effects of marijuana. Research using conditional knockout mouse lines has revealed that CB 1 receptors expressed on discrete neuronal subpopulations control the various effects of D 9 -THC (Monory et al, 2007) . As discussed above, there appears to be a strong GABAergic component to the memory disruptive effects of D 9 -THC. However, GABA does not appear to play an appreciable role in the non-mnemonic effects of cannabinoids. Specifically, D 9 -THC produced full tetrad effects in mutant mice lacking CB 1 receptors on GABAergic neurons (Monory et al, 2007) . Likewise, bicucculine did not block the effects of this drug in the tetrad assay (Varvel et al, 2004a) . In contrast, mice baring a deletion of the CB 1 receptor in principal neurons were resistant to the antinociceptive, cataleptic, and hypothermic effects of D 9 -THC, though the locomotor depressive effects were only partially reduced (Monory et al, 2007) . In addition, D 9 -THC-induced hypomotility and hypothermia were reduced in mice lacking CB 1 receptors on glutamatergic neurons. It will be of great interest to evaluate the effects of D 9 -THC in these different lines of conditional CB 1 (À/À) mice in learning and memory paradigms.
Although the present findings implicate an important role for the hippocampus in the memory disruptive effects of the chief psychoactive component of marijuana and other cannabinoids, the involvement of CB 1 receptors in other brain regions on learning and memory cannot be excluded. For instance, cannabinoids are known to disrupt synaptic plasticity in several brain regions (Iversen, 2003) . In particular, D 9 -THC infused into the prefrontal cortex impaired memory in a radial arm maze procedure that incorporated a 1 h delay (Silva de Melo et al, 2005) , but not in the standard radial arm maze task (Egashira et al, 2002) . Thus, the demands of the task are likely to determine the neural substrates underlying marijuana-induced memory impairment.
Collectively, the results of this study provide compelling evidence that D 9 -THC impairs memory function through a direct action of CB 1 receptors in the hippocampus. Specifically, intrahippocampal administration of the CB 1 receptor antagonist, rimonabant, completely blocked the disruptive effects of systemically administered D 9 -THC, the primary constituent responsible for marijuana's CNS effects, or the potent cannabinoid receptor agonist CP-55,940 in the radial arm maze task. Rimonabant's effects were regionally selective, as its infusion just outside the borders of the hippocampus failed to block D 9 -THCinduced memory impairment. Although pharmacological antagonism of CB 1 receptor signaling in the hippocampus blocked cannabinoid-induced memory impairment, it failed to attenuate other common cannabinoid pharmacological effects, including analgesia, motor alterations, and hypothermia. Likewise, intrahippocampal administration of CP-55,940 impaired spatial memory in the radial arm maze, without eliciting these other pharmacological effects (Lichtman et al, 1995) . In conclusion, these findings support the hypothesis that CB 1 receptors in the hippocampus are necessary for the memory disruptive effects of marijuana, but are not essential for the other common CNS actions of this drug.
